Abstract
Introduction

1
Collagen, from which gelatin is derived, is the major structural protein found in skin 2 and bones of animals. Collagen molecules, composed of three -chains 3 intertwined in the so-called collagen triple helix, adopt a 3D structure which is an 4 ideal geometry for interchain hydrogen bonding (Johnston-Banks, 1990; te 5 Nijenhuis, 1997). In fact, the hydroxyproline content, through its -OH group, has 6 been reported to be largely responsible for the triple helix stabilisation (Burjandze, 7 1979; Ledward, 1986 ). There are also very short terminal regions, called 8 telopeptides, which do not form triple helical structure, in which intra-and inter-9 molecular covalent crosslinks, mainly involving lysine and hydroxylysine residues, 10 are located.
12
Because of the acid lability of cross-linking in fish skin collagen, mild acid treatment 13 is normally enough to produce adequate swelling and cleavage of noncovalent The aim of this work was to analyse the yield, molecular weight distribution and For the pressure-assisted extractions, fish skins were frozen, thawed and cleaned 9 as mentioned above. Pretreatment in 50 mM acetic acid at 10ºC was performed 10 during 10 min at 250 MPa, followed by extraction in water at 45ºC during 16-18ºC were taken at 6ºC.
10
The ramps were implemented from 40ºC to 6ºC and back to 40ºC for newly 11 dissolved gelatin, to study gelatin gelation and subsequent melting. Gelatin 12 matured overnight (16 18 h) at 6-7ºC was also subjected to temperature ramps 
Results and discussion
19
The utility of the high pressure treatment was tested at two stages: during acid 20 swelling to facilitate the conversion of the insoluble collagen into a form suitable for 21 subsequent extraction; and during the actual gelatin extraction step in water at Pressure-assisted acid swelling was performed at 250 MPa/10 minutes at 10ºC 29 (S 250 ), followed by an overnight extraction in water. These conditions were assayed 30 with 50 mM acetic acid as in the control treatment, and also with 10 mM acetic acid. Preliminary results showed that no significant amount of gelatin could be 1 extracted at the low acetic acid concentration, even with 20 min pressurising. All 2 the preliminary collagen swelling (pre-treatment) assays in the extracting step were 3 therefore performed with 50 mM acetic acid.
5
As Table 1 shows, the yield (expressed as grams of dry gelatin per 100 g of clean 6 skin) was slightly higher when pressurisation was used for collagen pre-7 solubilization (S 250 ), than in conventional gelatin extraction (control). To the 8 contrary, the yield was considerably lower in all cases when pressurisation was 9 applied in the extraction step. The general impression was that increasing the 10 pressure or prolonging pressurisation tended to reduce the yield. As regards the 11 pressure level, more gelatin was extracted with 250 MPa than with 400 MPa. Johnston-Banks (1990), the increase in the gelling/melting temperatures is directly 20 related to the increase in the average molecular weight of the studied gelatins. indicating that the gels were all perfectly thermo-reversible and melted completely. 1 The transition curves of the matured gelatin gels upon melting and subsequent 2 cold renaturation (Fig. 3 ) again revealed differences among the samples, 3 predominantly in the thermal transition temperatures rather than in the slope. Both 4 melting and gelling temperatures of S 250 and E 250 -10' gels were again notably lower 5 than in the others. Also, phase angle values at 6ºC were higher in these samples, 6 indicating poorer overall gel forming capacity as a result of cold maturation.
Viscoelastic properties of overnight cold matured gels
7
In sample pressurised at 400 MPa for 10 min (E 400 -10'), the cooling phase angle 8 transition indicated the onset of collagen renaturation at around 20ºC, which was 9 considerably higher than with the conventional treatment.
11
As shown in Table 3 , values of G' measured after overnight maturation at 12 refrigeration temperature (around 6ºC) in E 250 -20' and E 400 -10' gelatin gels were 13 significantly higher than in the control gelatin. Again, all gels were completely 14 melted at 40ºC. Upon subsequent cold renaturation, the E 400 -10' sample attained 15 the highest values of G' and "re-gelling" temperature, which was in fact higher than properties, gel strength and melting/gelling temperatures. After maturing overnight 7 at 6-7ºC, the modulus of elasticity (G') of the gel from pressure-processed gelatin 8 was greater than that of a conventional gelatin, and the melting temperature was 9 slightly higher. This gelatin also presented greater renaturation ability upon 10 subsequent cooling, but only with continuous extraction (E 400 -10'); when extraction 11 was carried out at 400 MPa in two 5-min cycles (E 400 -2x5') there was no 12 improvement in renaturation ability even although the molecular weight profile was 13 similar to that of gelatin E 400 -10', from which we deduce that it is not only the 14 amount but also the configuration of these fragments that matters. In light of these results, we conclude that the use of high pressure to extract gelatin 27 from fish skins is a useful alternative to the conventional procedure, essentially in 28 that it drastically reduces the duration of the longest part of the process, so that a after overnight maturation at 7ºC, phase angle was monitored from 7ºC 10 to 40ºC and subsequent renatured from 40ºC to 7ºC (ii). 
